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Abstract. The German government has set ambitious climate-protection targets to limit global 
warming. The aim is to achieve an energy-efficient and almost climate-neutral building stock by 
2050. This applies particularly to buildings, responsible for more than 20% of CO2 emissions. 
The aim is to reduce the primary energy demand of buildings by 80% by the end of 2050. Achiev-
ing a nearly climate-neutral building stock requires targeted modernization measures that con-
tribute to increasing energy efficiency. Barriers confronting the implementation of energy-effi-
cient measures include lack of knowledge due to inadequate provision of information, lack of 
trust, and problems regarding financing possibilities. Therefore, solutions are needed for holistic 
concepts that make energy-efficient building and modernization more attractive. In addition to 
traditional business models (BM), measures that accelerate the implementation of energy-effi-
ciency and BM that support the sustainable development of potential customers are sought. Ex-
pert knowledge must be shared to close information gaps; savings guarantees must be considered 
to build trust, and finally, financing possibilities must be available to support implementing sus-
tainable measures. The research focuses on a modification of BM under the aspect of increasing 
energy efficiency in buildings for customers. This approach considers specific functions, effects, 
and benefits of BM. The aim of this extension is to create a basis for systematizing existing BM 
on the one hand, and on the other, to extend the proposed methodology. Finally, the developed 
guide supports startups designing new BM. 
1.  Introduction 
Today, the development of strategies for sustainable development is based on generally accepted 
goals, specifically, the Sustainable Development Goals (SDGs) [1]. One essential goal is the protection 
of the climate in ways that contribute to the conservation of natural livelihoods (SDG 13). With the goal 
of influencing production and consumption patterns (SDG 12), a solution applicable in the area of con-
struction and urban development (SDG 11) is presented. Several countries are currently developing na-
tional strategies to improve climate protection. In 2016, Germany presented the Climate Action Plan 
2050 [2]. It establishes the principles and targets for conserving resources by saving primary energy and 
reducing greenhouse-gas (GHG) emissions. Proposed solutions include reducing energy demand, im-
proving efficiency, increasing the use of renewable energy, optimizing operations, using new products 
and technologies, improving methods and tools for design, and questioning demand (sufficiency). In 
addition to identifying areas of action—Energy Sector, Transport, Industry, and Agriculture—the plan 
formulates reduction targets for GHG emissions particularly for the area of action designated as Build-
ings. By 2030, GHG emissions in buildings are to be reduced from 1990 levels by 67%. For this action 
area, a budget of 70 million metric tons of CO2-equivalent will be available in 2030. For the year 2050, 
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Germany is targeting an almost climate-neutral building stock [2]. In order to achieve these medium- 
and long-term goals, the energy performance of existing buildings must be improved. Although an an-
nual renovation rate of 2% is targeted, recent IPCC publications show that an average renovation rate 
of up to 5% is required to achieve the goal of limiting global warming to below 1.5 degrees [3]. In 
Germany, an annual renovation rate of less than 1% is currently being achieved in the field of energy-
efficient modernization of residential buildings [4]. However, such data are controversial; clear defini-
tions and survey methods for refurbishment and modernization rates are missing. Modernization rates 
for individual building components or parts of buildings are available in the literature [5]. It appears that 
current efforts are not sufficient to achieve the defined objectives, so possibilities must be sought to 
identify and overcome existing barriers to significantly improving energy efficiency in buildings. Private 
and institutional building owners currently do not have sufficient scope or willingness to take action that 
will speed up the modernization of existing buildings to improve energy efficiency. This raises the ques-
tion of whether and to what extent additional incentives and/or complementary approaches should be 
pursued. One possible approach is the establishment and extension of new business models to improve 
energy efficiency in buildings. The authors of this contribution have undertaken a research project to 
investigate the potential for new business models, focusing on the following questions: (1) What is the 
condition of existing buildings in Germany with regard to their energy quality, and what is their owner-
ship structure? (2) What barriers can be identified and assigned to actor groups? (3) What business 
model requirements can be formulated, and what approach to the systematization of business models 
can be derived from this (best needed)? (4) Which business models already exist, and how can their 
approaches be generalized or reused (best available)? Which hints and recommendations should busi-
ness startups receive when they would like to contribute to the improvement of energy efficiency in the 
building sector with new business models? How can achievable economic effects be estimated? This 
article presents the first preliminary results in answer to these questions. Section 3 discusses major bar-
riers; sections 4 and 5 present approaches for a typology and analyze existing BM. Section 6 provides 
information for startups. The basis for the article is a literature review, the authors' professional experi-
ence, and the results of discussions with experts. 
2.  Overview of the building stock of residential buildings and ownership structure in Germany 
In Germany, the building stock is divided into 18.8 million residential buildings and 2.7 million nonres-
idential buildings (excluding industry). Nonresidential buildings account for 37 percent of total building 
energy consumption, while residential buildings account for the remainder. Figure 1 (left) shows the 
building stock of residential buildings. Those built before 1979, when the 1st Thermal Insulation Ordi-
nance came into force, are of special interest. In fact, this applies to 62 percent of residential buildings 
and 66 percent of residential units, whose share of final energy consumption is 68 percent [6]. The 
energy requirements of new and renovated residential buildings are significantly lower. The legal re-
quirements for building construction before 1979 were significantly lower than after 1979. In addition, 
the current energy consumption of these buildings cannot be determined exactly, due to partial, com-
plete, and multiple modernizations in the meantime. While the members of the organization Bun-
desverband der Deutschen Wohnungs- Immobiliengesellschaften refurbished two-thirds of its building 
stock (28.9% partially, 37.3% completely) in terms of energy efficiency, the documentation of modern-
ization measures for the private housing stock is fragmentary [7]. The progress in energetic retrofitting 
of individual building components also varies considerably [5], substantially complicating the analysis 
of the energy consumption of these buildings.  
The “Destatis report” of the Federal Office of Statistics in Germany on the stock of buildings and 
apartments shows that the supply of housing in 2011 is predominantly in private ownership (Figure 1). 
More precisely, private households possess 84.6 percent of residential buildings and 58.4 percent of 
apartments [8]. Private households are grouped as owner-occupiers, who use their residential property 
for their own needs, and private landlords (also known in Germany as “amateurs”). The share of home-
owners is the proportion of owner-occupied residential units to all residential units. In 2014, this share 
was around 46 percent in Germany. Conversely, 54 percent of private households own apartments that 
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they do not occupy, assigning this proportion to the group of private landlords. The second most com-
mon form of ownership is condominium communities (9.5 percent of buildings, 22.4 percent of apart-
ments). These are owner-occupied properties and apartments eligible for allocation to the rental-housing 
market. Together, condominiums account for almost a quarter of the total housing stock. The remaining 
parts of the residential space fall into three forms of ownership: communal and private-sector housing 
companies and housing cooperatives (building share < 2 percent, residential share between 5 and 6 per-
cent [4]). 
 
Figure 1. German building stock and residential building and housing structure by owner (based on [6], [8]).   
 
3.  Overview of the barriers related to energy retrofit 
Barriers are unwanted factors that slow down, hinder, or block a decision-making process. Various stud-
ies have already investigated the circumstances of the matter, subjecting influencing factors to refur-
bishment decisions and removing barriers that arise during energy-related refurbishment (cf. [9-17]). 
Table 1 shows the identified barriers (see lines A-K), whereas columns 3-10 check whether a barrier 
could be confirmed in the literature [10-17]. The most frequently occurring obstructions are explained 
as examples here. Often, financial factors (barrier type A) prevent an energetic refurbishment. For ex-
ample, those affected by an alleged refurbishment measure may encounter limited financial possibilities 
[9], insufficient financial support, or an uneconomical refurbishment [10]. Limited financial possibilities 
imply a postponement of measures to improve energy efficiency [11,12]. Insufficient knowledge (barrier 
type B) results in those affected, on the one hand, not knowing about the need for renovation of their 
property [9,13]; and, on the other hand, being insufficiently informed about possible savings (e.g., heat-
ing costs, energy, CO2) after a refurbishment. This is usually due to a lack of consciousness with regard 
to the issue of environmental protection, which often has the consequence that other aspects (e.g., eco-
nomic efficiency, aesthetics, living area) have a greater impact on refurbishment design than energy-
related aspects [13]. Time-related factors (barrier type E) also have an influence, whether because of the 
long period of un-inhabitability of the property [14] or the complexity and associated strain of various 
time aspects on the design and coordination effort [15]. The principle of the landlord/tenant dilemma 
(barrier type K) describes the interest of landlords in protecting their investments over the long term, 
but possible unwillingness to finance short-term costs. In addition, the tenant is reluctant to bear short-
term costs, despite benefiting directly from the refurbishment and lower energy costs [11,12,18]. How-
ever, the investor could levy a modernization charge and a rent increase after an energetic retrofit, a 
potential disadvantage for the tenant if a disproportionate increase in rental costs to offset the additional 
expenditure is significantly higher than the energy costs saved. 
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Different strategies for select appropriate solutions to address the barriers may include government 
incentives, counseling programs, and regulations, as well as new technologies, which can be used to 
overcome them. Another approach is either existing or newly developed business models. This research 
paper examines business models as a solution to identified problems. Prospective business models could 
possibly contribute to achieving a modernization rate of more than 2 percent per year. 
 
 
Table 1. Barriers confirmed in literature.  
 
4.  Business Model—Basics, trends and typology 
4.1.  Basics and scientific trends of business models 
The term “business model” is not clearly defined in literature. Where Osterwalder and Pigneur [19] 
describe a business model as the "rationale of how an organization creates, delivers, and captures val-
ues," Margretta [20] combines business models with the fundamental questions of a company (i.e., how 
a company can earn money with its business). Bieger and Reinhold [21] see a business model as the 
result of an analysis of existing and new combinations of business-model elements. Network-centric 
approaches to business models aim to link different types of stakeholders into a coherent system. This 
includes all types of stakeholders (e. g., customers, investors, employees, suppliers, partners) and, in 
particular, society and the environment [22,23].  
Companies still have some uncertainties with regard to environmentally friendly strategies. However, 
research shows that the sustainability factor implies technological and organizational innovations that 
positively influence sales and profits [24]. In addition, there are positive side effects, such as environ-
mentally friendly production, less use of resources, less CO2 emissions, and more innovations [25]. The 
current literature contains numerous papers dealing with business models in the context of sustainable 
development [25-37]. An excerpt from that discussion can be found in Nidumolu et al. (2009), who 
describe the path to business models that support sustainable development. They outline in five steps 
the challenges a company faces on the way to a holistic sustainable strategy. Sustainable business mod-
els are the result of exploring new paths that can include ecological services, but also the restructuring 
of established paths that require modernization [25-27]. Concretely, concepts such as Green Economy 
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or Green Growth emphasize the sustainable use of resources [28]. A similar aspect is taken up by the  
Green [29,30] or Sustainability Business Model [22,31]. Such models include the establishment of lower 
environmental impacts and a promising platform for innovation. Their focal point is a change of core 
business strategy (e.g., from selling products to selling service systems containing the product). Some-
what less specific but still relevant are general recommendations for business models on redesigning 
systems (e.g., minimizing consumption, maximizing the society's benefits, and avoiding waste, cf. [32]). 
These aspects are considered and classified into so-called archetypes. Different archetypes include dif-
ferent approaches (e.g., maximizing material/energy efficiency; adding value from waste; replacing re-
newable energy and natural processes; and providing functionality instead of ownership. Detailed de-
scriptions can be found in [29,30,33,34]).  
Economically successful technological innovation requires business-model design and implementa-
tion combined with careful strategic analysis [26]. Canvas—a business model by Osterwalder and 
Pigneur [19]—takes this aspect into account. It provides every business with a simple tool to describe 
and think through its processes. This architecture of business models typically contains and connects 
different dimensions—for example, in relation to customers, benefits, added value, partners, and fi-
nances. While previous research has generated concepts that include the ecological aspect in Canvas 
(e.g. [30] or Value Mapping Tool [34]), the Triple Layered Business Model Canvas (TLBMC) is a spe-
cific tool that is an extension of Canvas, combining topics such as innovation of business models, as 
well as sustainable and green business models [33, 35-37]. This extension adds an ecological and a 
social dimension to the model, the ecological extension of the TLBMC based on a life-cycle perspective 
on environmental impacts and benefits of products and services. Environmental impacts contain eco-
logical costs based on performance indicators (e.g., GHG emission). Environmental benefits extend the 
aspect of value creation. Essentially, innovations are sought that reduce (increase) negative (positive) 
environmental and social impacts [30,33,37]. 
Although the current literature aims to integrate sustainable development into business models, it is 
essentially focused on the optimization of internal and organizational processes. Therefore, an approach 
is sought that aims to optimize customers' processes in order to create added value for customers, ecol-
ogy, and welfare. A first approach links the sustainable business model to user-driven innovation. The 
development of a sustainable value proposition constitutes the core of a sustainable business model [38]. 
However, to this aspect, the externality of the business models can be added. The research approach in 
this paper follows one that defines business models in the context of supporting sustainable development 
(in this specific case, an energy-efficiency strategy) for the customer. 
4.2.  Functions, effects, benefits of business models to improve energy efficiency in buildings (EEiB) 
The main function of an EEiB-business model (as defined by the authors) is to increase the energy 
efficiency of a building. Hence, in order to eliminate barriers that arise during energetic refurbishment, 
a business model requires certain functions that imply effects and benefits for the customer and for 
society. Table 2 shows the identified functions (A), effects (B), and benefits (C).  
Functions of business models represent their basis. This could be the provision of innovative products 
and services, but also the development of concepts for the design and implementation of renovation 
measures, or approaches for the optimization of existing HVAC systems. The effect describes the result 
a business model can produce. With regard to a potential refurbishment investment, this characteristic 
represents the time-related advantage of an investment, the identification of savings potentials or guar-
antees, or the provision of knowledge. The benefit of a business model refers to ecological circumstances 
that the business model causes (e.g., saving GHG emissions or primary energy and the associated costs). 
The benefits essentially reflect environmental circumstances. The conceptual step that follows is the 
development of benefits around social and economic aspects (e.g., reduction of externalities, creation of 
jobs and partnerships, or integration of companies with different interest groups). Thus, a business model 
can be evaluated from environmental, social, and economic points of view. Together, these components 
represent the future value proposition of a company's range of products and services to its customers.  
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4.3.  Introduction of specific business models 
The range of business models that contribute to the improvement of energy efficiency in the housing 
and real-estate sector is constantly increasing. In fact, a recent evaluation of the accompanying research 
"Energiewendebauen" commissioned by Project Management Jülich indicates that the number of pro-
jects (PRJs) dealing with business models has more than doubled from 2018 to 2019. Accompanying 
research includes projects on contracting (28 PRJs), prosumer models (16 PRJs), and leasing (8 PRJs), 
but also on approaches such as crowdfunding or sharing economy (in total, 9 PRJs). In Table 2, five 
business models (partly based on the mentioned projects) are presented. 
The selected examples show the approaches to complementary research mentioned above and set 
different priorities. While in Case 1, the EEiB business model focuses on a financing concept, other 
business models are based on product service systems or prosumer approaches. Finally, these business 
models are classified according to the systematization described in Chapter 4.2.  
 
Table 2. Examples of EEiB business models 
Case 1 EPC [39]: Energy performance contracting is based on a contract between an owner of a building 
and a service provider, which contains a guaranteed savings goal in relation to energy consumption or 
energy costs before the contract is concluded. The service provider receives a regular payment that the 
client can often finance from the saved energy costs. The contractor controls, optimizes, and maintains the 
systems with regard to the highest possible energy efficiency. Planning and operational optimization for 
lighting, cooling, ventilation, and/or heating installations remain in the contractor's hands.  
Case 2 RRA [40]: The leasing of roof areas with simultaneous roof renovation is an example of sharing 
concepts. This model enables a refurbishment measure with a significant increase in the value of the prop-
erty. The operator of the photovoltaic system receives possible subsidies and the current feed-in tariff by 
feeding the generated electricity into the grid of the local grid operator. In exchange, the owner of the roof 
area receives the agreed-upon payment from the operator. The amount of the payment for the roof is de-
termined individually. In addition, a complete renovation of the roof is carried out for owners of large roof 
areas, such as large production halls and warehouses, commercial enterprises, and public facilities. 
Case 3 SW [41,42]: The leasing of software includes the aspect that the supplier often retains ownership 
of the physical product. This is a subscription-based service that, depending on the rate, offers services in 
addition to basic applications. Software for operating and building technology may enable energy man-
agement of buildings. Efficiency potentials in highly complex building operation can be identified, and 
energy-saving measures can be implemented and controlled. Corresponding software service packages 
also provide online diagnostics, updates, cloud applications, or maintenance.  
Case 4 FSM [43]: Full-service renovation packages include consulting, design, energy testing, renovation, 
quality control, commissioning, and financing. The concept of serial modernization of buildings differs 
fundamentally from previous refurbishment offers, in terms of lower costs, short refurbishment duration, 
attractive design, and functional and savings guarantees. This is implemented with elements such as 3D 
scans of the building, pre-assembly of all components, and quality control to achieve the Net-Zero stand-
ard.  
Case 5 MS [44]: The decentralized generation of electricity from renewable sources or in a combined heat 
and power plant, often in combination with a tenantable-electricity approach (Mieterstrom), is based on a 
prosumer approach (i.e., an energy consumer like a building also acts as an energy producer). Energy is 
preferably fed into the house network of the building and either directly covers the current energy con-
sumption of the tenants living in it or charges a battery store. Only when the energy produced on site 
cannot be consumed is the excess electricity fed into the public grid. For owners of apartment buildings, 
these models offer the opportunity to reduce ancillary costs, become less dependent on electricity price 
trends, increase property value, and generate additional revenue. Tenant savings of energy costs is another 
advantage. 
5.  Classification and analysis 
The classification and analysis aims to identify business models that increase energy efficiency in the 
construction sector and contribute to the reduction of greenhouse-gas emissions. The developed system-
atization refers to the identified barriers. The evaluation in Table 3 regarding functions, effects, and 
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ecological benefits is based on the personal assessment of the authors. Development of the systematiza-
tion with regard to further functions, effects, and benefits shown in Table 3 is possible. In the future, the 
list should be extended in both horizontal and vertical directions, with the aim of clustering similar 
models and uncovering future potential for new business models. 
 
Table 3. Systematization of business models  
 
6.   Guide for Startups: Turning an Idea into a Business Model 
If the development of business models seems complicated and ambiguous at first sight, a guide serves 
to develop and help in business-model selection. The path from an idea to a business model that im-
proves the customer's sustainable process includes the key points summarized in Table 4. Ideally, when 
searching for and selecting a suitable business model, startups must consider four steps. In step 1, eco-
logical, technological, and social developments result from the named techniques. These trends call for 
business models that support the energetic-refurbishment measures. Step 2 analyses the market and its 
participants. The focus includes identification of a suitable target group. For example, using the building 
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and ownership structure from Chapter 2 for this study enables identifying the target group of private 
landlords. Subsequently, assessing for the focal target group the barriers confronting customers becomes 
possible (cf. chap. 3). Essentially, private landlords and owner-occupiers show considerable deficits in 
terms of knowledge, financing, and trust (e.g., [11]). A potential business model must take this into 
account. After designing a business model with the tools of Canvas or TLBMC, the business model must 
be specified (step 3). In addition, the functions, effects, and benefits of business models (see chapter 5) 
must be considered in order to counteract the barriers identified in Step 2. After identifying potential 
business opportunities, the business model with the greatest potential for overcoming the barriers must 
be selected. Finally, further steps (such as the preparation of a business plan and its implementation) 
must be initiated [45]. 
 
Table 4. Turning an Idea into a Business Model.
 
7.  Discussion and outlook 
Through the proposed systematization of business models, this paper offers an approach to linking the 
theoretical concept of (sustainable) business models with the problem of the barriers that arise during 
the energetic refurbishment. In addition, the identified functions, effects, and benefits have the potential 
to represent future value-proposition formulations for the customer. Companies and startups can use 
combinations of the identified systematization to design their own business model. A guideline for 
startups is also provided, to help startups on their way from an idea to an economical and ecological 
business model. Business models that focus on sustainable process improvement for the customer con-
tribute to improving the energy efficiency of existing buildings. In addition, supporting overall solutions 
(e.g., a combination of consulting, design, and financing concepts) instead of individual solutions en-
sures a holistic approach to the barriers that homeowners face. The proposed systematization has its 
limits in terms of completeness. Therefore, carrying out studies that identify barriers by type of building 
owner and building (chap. 2-3) can extend this conceptual research. It is also important to broaden the 
systematization in chapter 5 to find patterns and gaps in business models. Future research may also 
address broad changes in political, social, environmental, and economic aspects. In addition, the aspect 
of potential conflicts of objectives that may arise among initiators must be examined. Intellectual prop-
erty is protected knowledge and is only available to society at high cost. For example, to integrate ana-
lytical and diagnostic software into building services as a standard would require government interven-
tion. With the help of patent races (e.g., an award system), the government has the opportunity to an-
nounce project goals, winners of these competitions receive a reward, and at the same time, the innova-
tion becomes a public good. Furthermore, the state can offer training programs for startups. The system-
atization and guideline developed in this paper can inspire and help prospective companies to develop 
new sustainable business-model ideas.  
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